INTRODUCTION: Patient-centred case management programmes in general practice are needed for patients at high risk for emergency admissions to hospital.
Introduction
New Zealand, like many other Organization for economic Cooperation and Development (OeCD) countries, is considering health system policy and new initiatives involving integrated health care to tackle the problem of an ageing patient population with long-term health conditions. 1-7 New Zealand's population aged > 45 years grew by 29.2% from 1.30 million to 1.68 million over the 10-year period from 2001 to 2010, 8 and during this time, the number of emergency admissions to New Zealand public hospitals increased by more than 30%. 9 This growth in demand for unplanned hospital care has an effect on the ability of hospital services to reduce waiting lists for surgery and other arranged admissions.
228 VOLUME 8 • NUMBER 3 • SEPTEMBER 2016 J OUrNal OF PrimarY HealtH Care acute exacerbations and complications arising from chronic disease often require hospital treatment and it is likely that this is at least partially responsible for the increase in emergency hospital admissions. many emergency admissions may be avoidable; there is evidence that coordinated patient care programmes delivered in the community to patients at high risk of hospitalisation can reduce the need for unplanned hospital treatment. Such initiatives may include primary care interventions, 10, 11 better clinical pathways and co-ordination between primary and secondary care, 12, 13 co-ordination of primary and social care in the community, 14 case management for individual diseases, 15 and patient education aimed at improving self-management. 16 ,17 a pragmatic approach when establishing programmes aiming to improve patient care and health outcomes is to identify patients for whom the greatest benefits may be achieved. risk stratification of general practice patients with regard to their likelihood of future emergency admissions provides one method for achieving this.
Predictive statistical models are widely used for risk stratifying patients, with models using both primary and secondary care data tending to perform better than models based solely on hospital records. [18] [19] [20] [21] [22] [23] [24] [25] [26] 5 Our aim was to assess the performance of the Predicting emergency admissions Over the Next Year (PeONY) model when applied to New Zealand general practice patients, and to improve on its predictive power, where possible, to provide risk stratification of patients aged ≥ 40 years for emergency admissions in the next year. Originally developed in Scotland, the PeONY model algorithm estimates risk for future admissions based on each patient's hospital utilisation and use of prescribed medicines in the previous three years. 23 We assessed this model due to its excellent performance in risk stratifying Scottish patients, and because its predictor variables were quantifiable from data recorded in New Zealand's national databases of hospital admissions, dispensed prescription medicines, and practice patient registers.
Methods
We analysed 2008-2011 data from four national data collections to calculate patient risk at 1 January 2011 for a subsequent emergency admission in that year. c statistic for the model was 72%, representing the probability that a randomly selected patient with an emergency admission in 2011 had a greater estimated prior risk than a randomly selected patient with no emergency admission. The c statistic for the derivation dataset was marginally less at 71%. Performance of the model was consistent when applied to patients in each of the 20 DHB regions, with c statistics ranging from 71.1 to 72.8. although different regions had different patient profiles in terms of age, sex, ethnicity, and deprivation, these variables were included in the risk-adjusted model. Figure 1 shows the association between predicted risk for an emergency admission in the next year and use of medicines in multiple therapeutic groups. mean predicted risk increased with the number of different medicine groups used by patients, after controlling for other variables in the model. The corresponding increase in the proportion of patients who subsequently had emergency admissions indicates that the PPV of the model increases with increasing patient risk. With the exception of patients using respiratory medicines, analgesics and antibacterials, the proportion of patients with risk ≥ 30% using medicines in all drug groups was more than twice as great as patients with risk < 30%. For diuretics, nitrates, anticoagulants, antipsychotics, antianaemics, antiosteoporotics and antiparkinson medicines, the proportion was more than fourfold greater. This patient group may be considered the most suitable target group for initiatives aimed at reducing future emergency admissions. Chronic obstructive pulmonary disease, heart disease and symptoms, and warning signs relating to circulatory and respiratory disease were the most frequent reasons for admission. There were also high rates of admission for pneumonia, abdominal and intestinal problems, and complications arising from previous surgical and medical care.
Discussion
Our results indicate that the PeONY model performs well when adapted and applied to New Zealand patients. Our aim was to identify a methodology for determining which patients were most at risk of future emergency admissions, and to inform potential interventions aimed at curbing growth in demand for emergency hospital care. The model provided risk stratification for 73% of all general practice patients aged ≥ 40 years in New Zealand in 2011. to our knowledge, this represents the first research to estimate individual patient risk for future emergency admissions at the national level.
The developers of the original PeONY model concluded that its superior performance over previous models quantifying individual patient risk for future admissions was probably due to the inclusion of community prescribing measures as indicators of chronic disease and other conditions. 23 Our findings confirm the significance of including medicine use within the 16 therapeutic groups in the model, in addition to each patient's historical use of hospital services.
The c statistic for our model (0.72) was lower than that for the Scottish PeONY model (0.80), largely due to its lower sensitivity in high-risk groups; a smaller proportion of patients with an emergency admission in the next year were correctly identified as high risk. at the 50% risk threshold, sensitivity was 5.9% for our model but just under 7.9% for the Scottish model. However, PPVs were similar at this threshold level (58.2% for our model and 59.0% at the 49% risk threshold for Scottish patients), indicating that a similar proportion of patients identified as high risk were admitted in the next year. it has been argued that traditional measures of performance, like sensitivity, mask the real value of models in targeting preventive intervetions. 25 Our rationale for developing a New Zealand model was not to identify every patient with emergency admissions in the next year, but to identify those at highest risk for future admissions.
We acknowledge certain limitations in our study. First, 514,343 New Zealand patients (26.7%) aged ≥ 40 years were excluded from the model; they were not registered with a general practice in all four years or had no record of visiting a practice in 2008 and 2011, or there was inconsistent recording of date of birth and sex. Our intention was to include only patients with evidence of New Zealand residency in all four years so that examining hospital admissions and medicine use was possible in all study years. The exclusion of patients dying in the follow-up year will have misrepresented use of the model for risk prediction in the real world; we applied this criterion to be consistent with the derivation of the original PeONY model. ethnicity and/or deprivation status were also unknown for 103,661 patients (7.4%), and these missing demographic data will detract from the model's accuracy and performance.
While our results indicate that high-risk patients are most likely to be elderly and with multiple chronic conditions, among patients with risk ≥ 30%, 27.5% of all emergency admissions from 2008 to 2011 were for patients aged < 65 years and 12.6% for patients aged < 55 years. Furthermore, 21 .0% of all patients with risk ≥ 50% were aged < 65 years. Thus, a significant proportion of high-risk patients were middle-aged and an important patient group for health service consideration. measures targeted at reducing emergency admissions in this younger cohort may help reduce demand for emergency services in later years.
Our adaptation of the PeONY model provides New Zealand with a regionally consistent algorithm for identifying people at risk of hospital admission. recalculating the model coefficients annually and making patient risk scores available to primary care teams would identify patients at risk of hospitalisation. Providing highly targeted care to these patients by improved coordination of primary care providers may be critically important in averting hospital admission. 29 a case management programme to address risks could be used to provide a patient-centred model for reducing hospital admissions. 1 interpractice admission rate variation when standardised for age, gender, ethnicity and deprivation is often explained by differences in levels of morbidity or different models of care. The PeONY model may be an effective proxy measure of morbidity and partially explain admission variation between general practices. This could assist in identifying outlying practices with admission rates that likely represent different models of care; this in turn may provide opportunities and directions for general practice reconfiguration to reduce hospital admissions. The model may also be used to estimate future demand and costs for emergency admissions because changing demand from year to year as the population ages and the prevalence of chronic conditions grows will be taken into account when recalibrating model coefficients with each successive year.
The New Zealand PeONY model represents an efficient methodology for providing a national risk prediction tool that is applicable to all regions of New Zealand. elderly patients with multiple chronic conditions constitute the majority of high-risk patients for an emergency admission in the next year, but there are also a considerable number of younger patients at high risk.
